A sample of children (n¼92), derived from a representative population sample of healthy young Finns (n¼2149), was studied from childhood to adulthood over 14 years to determine whether the childhood environment moderated the effect of dopamine receptor gene (DRD4) polymorphism on novelty seeking (NS). A significant interaction between the DRD4 alleles and environmental variables was observed. When the childhood-rearing environment was more hostile (emotionally distant, low tolerance of the child's normal activity, and strict discipline), the participants carrying any two-or five-repeat alleles of the DRD4 gene had a significantly greater risk of exhibiting NS scores that were above the 10th percentile on a population distribution of 2149 adult Finnish women and men. The genotype had no effects on NS when the childhood environment was more favorable. Although the results are preliminary, pending replication, they nevertheless provide important information on the long-term effects of nurture and nature on NS temperament.
Introduction
During the last century, personality and behavior have been at the center of the nature vs nurture debate. [1] [2] [3] Recent genetic research has not merely demonstrated genetic implications on personality and behavior, it has also provided the best available evidence of environmental influence. [1] [2] [3] Research on the genetic background of personality has been most active in relation to temperament, particularly to novelty seeking (NS). NS refers to a bias in the activation or initiation of behaviors, such as frequent activity in response to novelty and active avoidance of frustration, impulsive decision making, and risk-taking behaviors. 4 According to Cloninger, 5 the NS trait is mediated by genetic variability in dopamine transmission. Indeed, a significant association between NS and the sevenrepeat allele (a long form) of the 16 amino-acid polymorphism of the DRD4 gene was reported in 1996, 6, 7 and later replicated. [8] [9] [10] [11] [12] Failures to replicate this association have been reported as well, [13] [14] [15] [16] and some studies have demonstrated that the seven-repeat allele is associated with low, rather than high, NS scores. 13, 14 Further, a study by Ekelund et al 17 among Finnish women and men showed that the two-and five-repeat alleles of the DRD4 gene, rather than the seven-repeat allele, were more common in the group scoring high on NS. We have recently replicated this finding in another Finnish sample, the associations being most evident on the subscales for exploratory excitability and impulsiveness. 18 Thus, an association was found with short alleles in two separate Finnish samples, while most other studies have observed an association with a long allele. This discrepancy most likely shows that this polymorphism in itself cannot be responsible for the observed variation in NS scores. Rather, another polymorphism in the DRD4 gene, or in a gene located close to it on the chromosome, probably has a direct effect on NS and the studied polymorphism is in strong linkage disequilibrium with it in the studied populations.
This discrepancy might also refer to a contribution of other significant factors. According to a recent meta-analysis, 19 divergence among studies is not random, but reflects 'true' heterogeneity, indicating that there are unknown moderators in the association between DRD4 polymorphism and NS. The current study contributes to this exploration by testing whether factors in the childhood environment may potentially moderate the association between DRD4 gene polymorphism and NS. The rationale behind focusing on the childhood environment stems from the theoretical conceptualization of temperament: even though it arises from our genetic endowment, it both influences and is influenced by the experience of each individual. 20 We investigated whether NS in adulthood at the age of 20-29 years would be predicted over 14 years by an interaction between DRD4 gene polymorphism and the mother-reported childhood-rearing environment of participants aged 6-15 years at the time of the report.
Material and methods
In the context of the 1997 Cardiovascular Risk in Young Finns Study, 21 2149 women and men aged 20-35 years completed the Temperament and Character Inventory for NS. 5 From this sample, those who scored above the top and below the bottom tentiles on the sample distribution of the overall NS scale were selected (n¼154). Written and verbal descriptions of the study were given to the subjects and their informed consent was obtained before they gave blood samples for genotyping; details of the recruitment and protocol for genotyping are given in Keltikangas-Järvinen et al.
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Mother-reported data on the childhood-rearing environment were not available for all of the 154 genotyped participants: items measuring rearing environment were not deemed valid for those participants who in 1983 were aged 18 and 21 years. Thus, the analytic sample of the current study consisted of 92 women (n¼45) and men (n¼47), who were aged 6-15 years at the time of the 1983 measurement, and 20-29 years in 1997, respectively.
A polymerase chain reaction was performed as described by Lichter et al 22 with slight modifications. One primer was fluorescently labeled with Cy5 for size separation on an automated DNA sequencer (ALF express Pharmacia Biotech AB). Allelinks software was used for the genotyping (Pharmacia Biotech AB).
A test carried out in 1983, 14 years prior to the NS and gene testing, provided questionnaire data on the mother-reported childhood environment. The items measured the emotional distance between the child and the mother, the mother's low tolerance of the child's normal activity, and her strict disciplinary style. 23 Together, the constellation reflects a hostile childhood-rearing environment. 24, 25 Logistic regression analyses were performed, and risk ratios and 95% confidence intervals (CIs) were computed to test the predictive contribution to the extreme high (4top tentile) and low (obottom tentile) NS scores of DRD4 gene polymorphism (carrying no or any two-or five-repeat alleles) and of a hostile childhood environment reported by the mother 14 years earlier, and of their interaction. The independent variables were centered to account for multicollinearity. Where significant interaction effects were found, separate tests were conducted for participants with hostile child-rearing attitudes above and below the median. As concerns about demographic differences have been raised in prior studies, we repeated the analyses while controlling for the demographic variables of age and gender.
Results
Of the 92 study participants, 23 and 69 carried any and no two-or five-repeat alleles of DRD4 gene polymorphism, respectively; of these, 18 13 and 24 (56.5 and 34.8%; odds ratio¼2.44, 95% CI¼0.93-6.38) belonged to the group exhibiting high scores on the overall NS scale, 16 and 30 (69.6 and 43.5%; odds ratio¼2.97, 95% CI¼1.09-8.14) belonged to the group exhibiting high scores on the exploratory excitability subscale, and 17 and 28 (73.9 and 40.6%; odds ratio¼4.15, 95% CI¼1.45-11.82) exhibited high scores on the impulsiveness subscale, respectively. The mean values of the mother-reported hostile childhood environment did not vary significantly according to the DRD4 genotype and NS classifications (data not shown; P40.16).
The results of the analyses testing whether the childhood environment moderated the effect of the DRD4 gene on NS are presented in Table 1 . The analyses showed that the interactions between a mother-reported hostile childhood environment (emotional distance and a strict disciplinary style) and the DRD4 gene were significant in the analyses of the overall NS scale, and of the exploratory excitability subscale; associations with the impulsiveness subscale were not significant.
Follow-up analyses of the significant interactions showed that, relative to the participants carrying no, those carrying any two-or five-repeat alleles of the DRD4 gene had a 6.20-fold risk (95% CI¼1.53-25.04; eight out of 12 participants for any vs 10 out of 41 for no classifications of the gene) belonging to the group exhibiting high scores on the overall NS scale, and a 10.77-fold risk (95% CI¼2.06-56.32; 10 out of 12 participants for any vs 13 out of 41 for no classifications of the gene) belonging to the group exhibiting 
Discussion
We tested whether the mother-reported childhoodrearing environment moderated the effect of DRD4 gene polymorphism on NS in a sample of children followed from childhood to adulthood over 14 years. We found that when the childhood environment was more hostile, characterized by the child's emotional distance from the mother and the mother's strict disciplinary style, the participants carrying any vs no two-and five-repeat alleles of the DRD4 gene had a significantly greater risk of belonging to a group that scored above the top tentile on NS in a population distribution of 2149 Finnish women and men. A more positively tuned childhood environment predicted a low level of NS in adulthood, even in the presence of the genotype. This suggests that a prerequisite for the manifestation of NS is the childhood environment, in addition to a genetic predisposition, whereas an appropriate childhood environment might negate potential genotypic bias. That the childhood environment had the potential to negate the genotypic predisposition is of particular importance: behavioral and social outcomes of NS have been shown to be mostly negative, including substance and drug abuse, alcoholism, eating disorders, and a great variety of antisocial behaviors. [26] [27] [28] [29] [30] 'Goodness of fit' is a concept referring to a fit between environmental challenges and the child's temperamental genotype. 31 It is likely that children with certain genotypes will receive certain kinds of parenting, evoke certain responses from other people, and select for themselves certain aspects from the available environments. Mismatch may occur when parents provide environments that are negatively related to their child's genotype. According to Scarr and McCartney, 32 such environments may have dramatic effects on average development. Here, the mismatch, that is, a genetic predisposition to novelty and risk-taking behavior in combination with a positively tuned environment (evocative kind of genotype-environment effect), resulted in a positive outcome-a low level of NS. On the other hand, a hostile childhood environment was likely to match the child's genotype, promoting phenotypic high NS.
We have previously shown that the mother-reported childhood environment is likely to reflect the whole climate in the family, 33 as maternal reports of a hostile environment are associated with their own reports of role dissatisfaction as a mother, and spouse and at work, as well as with spousal reports of marital dissatisfaction. In addition, hostile maternal childrearing practices have been shown to correlate with marital dissatisfaction, type A personality, emotional distance, and a high level of job involvement among fathers. 33 A number of previous studies have shown an association between mothers' own inherited temperament and their reports of their children's behavior. Specifically, mothers who endorse a temperamentbased, general negative affectivity, including hostility, have been found to rate their children's behavior more negatively. 34 Although the findings emphasize the role of the environment in NS phenotypes, no pure environmental effect was found in the present study because the family environment created by the parents may also have been influenced by their genotypes. In this context, it is important to recognize that in some contemporary theories of personality development, nature is given emphasis over nurture. 35, 36 Nevertheless, it is not denied that the role of nurture, particularly in terms of parenting, has significant long-term consequences for individual development. 36 The major limitation of the study is the low number of subjects selected for genotyping; however, the selection was based on NS scores on a population distribution, the original sample being a populationbased sample. Nevertheless, caution should be counselled with respect to the external validity of the findings.
The present results suggest a significant genotypeenvironment effect on the development of NS. In line with another Finnish study, the association was found with short alleles, while an association with a long allele was found in other previous studies. Thus, an environmental effect moderating an association between NS and seven-repeat allele would be a relevant question.
